J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© Publication number: 



0 312 652 

A1 



© 



© Application number: 87201996.3 
@ Date of filing: 19.10.87 



EUROPEAN PATENT APPLICATION 

© mt. CI.*: G02B 27/00 



© Date of publication of application: 


© Applicant: HITACHI, LTD. 


26.04.89 Bulletin 89/17 


6, Kanda Surugadai 4-chome Chiyoda-ku 


© Designated Contracting States: 


Tokyo(JP) 




BE DE FR GB IT NL SE 


Applicant: N.V. Philips 1 Gloeitampenfabrieken 




Groenewoudseweg 1 




NL-5621 BA Eindhoven(NL) 




© Inventor: Tatsuno, Kimlo c/o INT. 




OCTROOIBUREAU B.V. 




Prof. Holstiaan 6 




NL-5656 AA Elndhoven(NL) 




Inventor: Opschoor, Jan c/o INT. 




OCTROOIBUREAU B.V. 




Prof. Holstiaan 6 




NL-5656 AA Eindhoven(NL) 




Inventor: Van der Poel, Carolus Johannes 




c/o INT. OCTROOIBUREAU Prof. Holstiaan 6 




NL-5656 Eindhoven(NL) 




inventor: Drenten, Ronald Reindert 




c/o INT. OCTROOIBUREAU Prof. Holstiaan 6 




NL-5656 Eindhoven(NL) 




© Representative: Cobben, Louis Marie Hubert 




et al 




INTERNATIONAAL OCTROOIBUREAU B.V. 




Prof. Holstiaan 6 




NL-5656 AA Eindhoven(NL) 



CM 

in 

CO 
CM 
CO 



LU 



0 Optical device with phase-locked diodelaser array. 

■ © An optical device is described comprising a 
[phase-locked diodeiaser array (10), radiating in a 
stable supermode, and a collimatorlens (46). By ar- 
ranging a polarisation-rotator (22) and a polarisation- 
sensitive beam combiner (30') in the radiation path, 
the two radiation lobes (11, 12) are superposed so 
that a single radiation spot (S) can be obtained. The 
quality of the spot can be improved by an arrange- 
ment of a prim system (40) and a spatial filter (45) in 
the lateral far field. 




FIG 6b 



Xerox Copy Centre 



3NSDOCID: <EP 0312652A1 J_> 



1 



EP 0 312 652 A1 



2 



Optical device with phase-locked diodelaser array. 



The invention relates to an optical device for 
delivering a single radiation beam, comprising a 
phase-locked diodelaser array and a collimatorlens. 
which laser array radiates in a stable supermode 
having, in a lateral plane through the axis of sym- 
metry of the radiation and parallel to the pn-junc- 
tion layer of the laser array, two far field lobes. The 
invention also relates to an apparatus for scanning 
an information medium, such as an optical disc 
recorder and/or player or a laser printer, compris- 
ing such optical device. 

The paper "Phased Array Diode Lasers" in 
"Laser-Focus/Electro Optics", June 1984, W 
Strerfer et al, describes a phased-locked diodelaser 
array which is a special kind of multi-emitter semi- 
conductor laser. There is an increasing interest in 
phase-locked diodelasers because they can deliver 
a considerably higher output power than a single- 
emitter diodelaser. For many applications it is nec- 
ssary to focus the output power of all of the emit- 
ters into a single, circularly and diffraction-limited 
spot with as high efficiency as possible. Such fo- 
cussing cannot be carried out by a high-aperture 
objective lens solely, because of the specific radi- 
ation pattern of the phase-locked laser array. 

Such an array with N emitters radiates in N so- 
called supermodes, and the laser itself selects that 
or those, supermode(s) for which its treshold cur- 
rent is minimum. The treshold current is the value 
of the electric current perpendicular to the p-n 
junction layer at which the laser action starts. The 
specific internal structure of a diodelaser array de- 
termines the favoured radiation mode of this array. 

As disclosed in the mentioned paper in "Laser- 
Fokus/Electro Optics", June 1984, the so-called 
highest order supermode is, may be the favoured 
one. In this mode the radiation of each emitter is -n 
rad. out of phase with that of its two neighbour 
emitters. Because of this phase shift the highest 
order supermode is stable up to high power. The 
diodelaser array may also radiate in other super- 
modes which are also stable. In general a stable 
supermode is such one for which at every time the 
radiation of some emitters have a first phase which 
is -n rad. different from a second phase which the 
radiations of the other emitters have of that time. 

In the theory of diodelaser arrays the terms 
"near field phase- or intensity distribution" and "far 
field phase- or intensity distribution" are used. The 
former is the distribution at the position of the 
emitting facet of the diodelaser array, or in a plane 
conjugate to this facet The far field phase- or 
intensity distribution is the result of the interference 
of the individual beams emanating from the individ- 



ual slit-shaped emitters of the array. The far field 
distribution is formed at some distance from the 
emitting facet. The near-and far field in this ap- 
plication are reserved for those fields in the lateral 

5 plane, i.e. the plane through the aixs of the radi- 
ation pattern and parallel to the pn-junction layer. 
The plane perpendicular to the said layer and 
through said axis is the transversal plane. 

The highest order and other stable supermode 

w have two radiation lobes in the far field. The paper 
of W. Streifer et al does not disclose how a single 
beam, suited for forming a single radiation spot, 
can be obtained from a diodelaser array radiating 
in these modes. 

;5 It is the purpose of the present invention to 

provide an optical device with a phase-locked 
diodelaser array radiating in a stable supermode 
and delivering a single radiation beam. This optical 
device is characterized in, that behind the col- 

20 limatorlens are arranged, in this order, a polarisa- 
tion rotator in the path of one of the lateral lobes 
and a polarisation-sensitive beam combiner in the 
paths of both lateral far field lobes. 

The polarisation rotator changes the polarisa- 

25 tion direction of the radiation of one of the lobes, 
such that this direction becomes perpendicular to 
that of the radiation of the other lobe. The 
polarisation-sensitive beam combiner, in the form 
of a composed birefringent element, combines the 

30 radiations of the two lobes in one lobe. Because 
the radiations of the two lobes have mutually per- 
pendicular polarisation directions these radiations 
do not interfere with each other. This principle of 
lobe superposition in a laser array device can be 

35 realized with different embodiments. 

The first embodiment is characterized in, that 
the beam combiner is a prism of Wollaston, and in 
that between the polarisation rotator and the prism 
of Wollaston a composed beam deflector is ar- 

40 ranged for directing the axes of the radiations of 
the two lobes such as to intersect at the prism of 
Wollaston. 

The composed beam deflector preferably is a 
double optical wedge. Compared with a system of 
45 for example separate mirrors, such wedge has the 
advantage of being simple and easy to assemble in 
the device. 

A prism of Wollaston can be composed of two 
component prisms of uniaxial birefringent material 
50 and having mutually perpendicular optical axes. 
Such a composed prism can combine the radi- 
ations of two lobes for which the angle between the 
axes of the lobes does not exceed a certain value. 

In order to enable lobes with larger angles 
between their lobe axes to be combined, the said 
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first embodiment is preferably further characterized 
in, that the prism of Woilaston comprises three 
component prisms of birefringent material arranged 
after each other, the two outer component prism 
having the same optical axis and substantially the 
same shape and dimensions, while the central 
component prism has a different shape and dif- 
ferent dimensions and an optical axis perpendicular 
to the optical axis of the outer component prisms. 
This prism of Woilaston can deflect an incident 
beam under larger angles than a two-component 
prism of Woilaston and moreover has the advan- 
tage of being symmetric. 

A second embodiment of the optical device is 
characterized in, that the polarisation-sensitive 
beam combiner comprises a first and a second 
birefringent plate which are parallel to each other, 
the optical axes of the plates having different direc- 
tions each at 45 degrees with the plate surfaces 
and crossing each other. 

The combination of the two plates, known as 
Savart Plate or Savart Polariscope, does not only 
combine the two lobes into one single lobe but also 
bends the axes of the two lobes towards each 
other. Thus, up to a certain value of the angle 
between the axes of the lobes, no separate beam 
deflector is needed. 

For superposing two lobes with a larger angle 
between their axes, the said second embodiment 
may be further characterized in, that a beam de- 
flector is arranged between the collimatorlens and 
the first birefringent plate. 

The second embodiment may be further char- 
acterized in, that between the first and second 
birefringent plate a X/2-plate is arranged wherein X 
is the wavelength of the diodelaser radiation. This 
x/2-plate rotates the polarisation direction of the 
radiation from the first plate before it enters the 
second plate. Thus the Savart-plate can deflect 
over larger angles, so that also two diodelaser 
lobes which, at the entrance face of the Savart- 
plate, have a larger mutual distance can be super- 
posed. 

Besides the two central lobes, which according 
to the present invention can be superposed to one 
lobe, the radiation pattern of the laserdiode array 
also has side lobes. Moreover, the wavefront of the 
diodelaser array is astigmatic and the dimension of 
the radiation pattern in the lateral plane is consider- 
ably smaller than that in the transversal plane. A 
device according to the invention which delivers a 
single high intensity radiation beam with circular 
cross-section and free of astigmatism is preferably 
further characterized in, that behind the 
polarisation-sensitive beam combiner are arranged, 
in this order, a prism system of at least one prism 
having in the lateral plane an entrance face inclined 
with respect to the axis of the incident radiation 



and an exit face perpendicular to the axis of the 
emergent radiation, and a spatial filter in the lateral 
far field of the diodelaser array. 

The prism system broadens the central lobe in 

5 the lateral plane so that its lateral width becomes 
equal to the transversal width. The spatial filter 
blocks the unwanted lobes and transmits only the 
enlarged central lobe. Besides of its anamorphic 
function the prism system also has a de-astigmatic 

/o effect. The collimatorlens is so dimensioned and 
arranged that some wavefront sphericity remains in 
the beam, especially in the lateral plane. As is 
known, when a divergent or convergent beam 
passes through a skew prism this prism will impart 

15 astigmatism to the beam. The astigmatic effect of 
the prism system is used to correct for the astig- 
matism of the diodelaser array. 

These functions of the prism system could also 
be performed by an arrangement of cylindrical 

20 lenses. The prism system however has the advan- 
tage that it is compact and less sensitive to tilting 
or shifting with respect to the optical axis of the 
device. 

The prism system may comprise one prism, 

25 two prisms of four prisms. When using more 
prisms for obtaining the same lateral enlargement 
of the central lobe, the enlargement power of the 
prisms is reduced, so that less stringent require- 
ments are to be set to the alignment and the 

30 tolerance of the prisms. On the other hand, with a 
given enlargement power of the prisms, when in- 
creasing the number of prisms the enlargement 
power of the prism system is increased. This is of 
importance when the number of radiating stripes in 

35 the diodelaser array is increased. 

The invention may advantageously be used in 
an apparatus for optically recording an optical 
record carrier and comprising an optical head for 
generating a radiation spot modulated in intensity 

40 according to the information to be recorded, be- 
cause of the relative high recording intensity in- 
volved. This apparatus is characterized in, that the 
optical head comprises an optical device as de- 
scribed hereinbefore and an objective lens for fo- 

45 cussing the beam from said device into a 
diffraction-limited round spot on the record carrier. 

The invention may also be used in an appara- 
tus for reading a record carrier and comprising an 
optical head wherein a radiation spot for scanning 

50 the record carrier is generated. This apparatus is 
characterized in, that the optical head comprises an 
optical device as described hereinbefore and an 
objective lens for focussing the beam from said 
device into a diffraction-limited round spot on the 

55 record carrier. 

The invention may also be used advantageous- 
ly in an apparatus for laser printing information on 
a recording-medium comprising a recording me- 
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dium carrier movable in a first direction and a 
beam deflector for scanning a radiation beam along 
a second direction perpendicular to the first direc- 
tion. This apparatus is characterized in, that it com- 
prises an optical device as described hereinbefore 
for generating a substantially collimated beam that 
is focussed by an objective lens to a diffraction- 
limited radiation spot on the recording medium. 

The invention will now be described, by way of 
example, with reference to the accompanying 
drawings, wherein 

Figure 1 shows, in perspective view, a semi- 
conductor diodelaser array. 

Figures 2a, 2b, 2c and 2d represent the 
near-field intensity and phase distribution and the 
far-field intensity and phase distribution of a two- 
emitter diodelaser respectively, 

Figures 3a and 3b shows a first embodiment 
of the optical device according to the invention in 
lateral and transversal section, respectively, 

Figure 4 illustrates the ray paths through the 
prism of Wollaston used in this embodiment, 

Figure 5a and 5b represent a second em- 
bodiment of the device in lateral and transversal 
section respectively. 

Figure 5c represents a modified Savart-plate 
for use in this second embodiment, 

Figures 6a and 6b shows a first modification 
of an embodiment of the device having a prism 
system and a spatial filter, 

Figures 7a and 7b represent a second modi- 
fication of this embodiment, 

Figures 8a and 8b show the third modifica- 
tion of this embodiment, 

Figure 9 represents an apparatus for record- 
ing an optical record carrier comprising the device 
of the invention, and 

Figure 10 shows a laser printer comprising 
this device. 

Figure 1 shows schematically and in perspec- 
tive view a multi-emitter semiconductor diodelaser, 
a so-called phase-locked laser array. This 
diodelaser comprises, amongst others, a first layer 
11 of p-type material, a second layer 12 of n-type 
material and an intermediate layer 13, or pn-junc- 
tion layer, wherein the laser action takes place 
when an electric current above a certain treshold 
value is send through the laser unit in the Z- 
direction. The laser radiation emanates through the 
front facet, or cleaved surface, 14 of the layer 13 
and propagates in the Y-direction . This radiation 
shows a first, small, divergence in the XY-plane. 
called the lateral plane, and a second, greater, 
divergence in the YZ-plane, called the transversal 
plane. 

The pn-junction layer comprises a number of 
radiation guiding stripes 13i. 132, etc. which are 
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separated from each other by intermediate stripes. 
For clearness sake in Figure 1 only four guiding 
stripes are shown but their number may amount to 
ten or more. As is known, such a phase-locked 

5 laser array provides the advantage of a consider- 
ably increased power output relative to a single 
emitter diodelaser, so that the laser array is very 
well suited to record information on an optical 
medium like an optical disc or the recording me- 

70 dium of a laser printer. The radiation of all of the 
individual emitters 14 t , 142, etc. should then be 
concentrated into a single, round and diffraction- 
limited radiation spot. Besides a combination of a 
first lens which collimates the radiation and a sec- 

75 ond lens which focusses the radiation, additional 
optical elements are needed, because of the spe- 
cific radiation pattern of a diodelaser array. 

As is known, for example from the mentioned 
paper in "Laser-Focus/Electro Optics". June 1984 

20 issue, an N-emitter laser array can be so con- 
structed that it radiates in the highest order super- 
mode. In this mode the adjacent stripes radiate in 
anti-phase. This mode is very stable up to high 
power, but the far field radiation pattern comprises 

25 two central lobes insted of one. In Figure 2 the 
intensity-and phase distribution of a phase-locked 
diodelaser array in the near-field and far field are 
shown. For the sake of simplicity a two-emitter 
array is taken. Figure 2a gives the intensity (I) 

30 distribution and Figure 2b the phase (<*>) at different 
positions along the X-axis. X = 0 corresponds to the 
centre of the laser array. The phase is given for 
different times (t). The intensity, respectively 
phase, distribution in the far field is shown in Fig- 

35 ures 2c and 2d respectively. In these Figures e is 
the angular position in the far field relative to the 
optical axis (6 = 0) of the device. 

From Figure 2d it is clear that the radiations of 
the two lobes are vibrating in anti-phase in the case 

40 of a two emitter array. This holds for each N- 
emitter array for which N is an even number. For 
laser arrays with an odd number of emitters there 
is no phase shift of n rad. between the two lobes. 
In the latter case the near-field phase distribution is 

45 symmetrical relative to the centre of the array, 
whereas in the case of an even number of emitters 
the near field phase distribution is asymmetrical 
relative to the centre of the array. The phase dis- 
tribution of each far-field lobe is so uniform that 

50 each of the two lobes can be focussed into a single 
spot. 

Instead of the highest order supermode the 
diodelaser array, may also radiate into other stable 
modes which also have a dual lobe far-field pattern. 
55 In general, dual lobe pattern is obtained when the 
radiation of some of the emitters shows a phase 
difference of -n rad. with that of the remaining 
emitters. 

4 
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A single spot of the stable diodelaser array 
could be obtained if one of the lobes would be 
blocked. But then half of the radiation energy is 
lost. Accordingly to the present invention the radi- 
ations of the two lobes are united into one lobe. 

A first embodiment of the device according to 
the invention is shown in Figure 3a and Figure 3b 
in lateral and transversal section respectively. In 
these Figures 10 is the diodelaser array with radi- 
ation guiding stripes 13. This array emits a radi- 
ation pattern which in the transversal plane is a 
single beam b with opening angle 72. In the lateral 
plane the radiation pattern has an opening angle 71 
and at some distance from the laser facet, so in the 
far-field, it is composed of two radiation lobes h 
and I2. Behind the laser array a coilimatorlens 16 is 
arranged, which provisionally for facilitating the de- 
scription is supposed to collimate the radiation both 
in the transversal and lateral plane, so that in the 
lateral plane the two radiation lobes are coverted 
into two collimated subbeams bi and b2- These 
beams pass through an optical element 17 which in 
the lateral plane has the shape of a double wedge 
with a plane entrance face 18 and two inclined exit 
faces 19 and 20 for the subbeams bi and b2 
respectively. At the latter faces refraction occurs so 
that the subbeams are broken towards the optical 
axis 00' of the device. The deflected subbeams 
overlap each other in a plane 21. The chief rays hi 
and h 2 of the subbeams bi and b2 make an angle 
25 with each other, so that behind the plane 21 
these beams would again diverge from each other. 

The chief rays hi and h 2 are made to coincide 
by using polarisation-sensitive optics in the form of 
a X/2-plate 22 and a prism of Wollaston 23. The 
X/2-plate, wherein X is the wavelength of the radi- 
ation, rotates the polarisation direction of the sub- 
beam bi so that it becomes perpendicular to the 
plane of the drawing when the radiation emitted by 
the diodelaser array is linearly polarised with the 
polarisation direction parallel to the plane of the 
drawing. The prism of Wollaston may comprise two 
component prisms which are triangular shaped and 
consist of an uniaxial birefringent material like 
quartz. The optic axes of the component prism are 
perpendicular to each other. As is known, such a 
prism of Wollaston deflects an incident beam under 
either one of two equal but opposite angles de- 
pending upon whether the polarisation direction of 
this beam is parallel or perpendicular to the optic 
axis of one of the component prisms. When the 
chief rays hi and h>2 of the subbeams bi and b 2 
make angles of -5 and +6 respectively with the 
optical axis 00', the prism of Wollaston can bend 
these chief rays so that both chief rays become 
coincident with the optical axis 00' of the device. 

The embodiment of Figure 3a comprises a 
special kind of prism of Wollaston. This prism and 



the paths of the beams bi and b2 through it are 
shown in more detail in Figure 4. The prism con- 
sists of three component prisms 24, 25 and 26 of 
uniaxial briefringent material. The outer component 

5 prisms 24 and 26 have the same shape and dimen- 
sions and their optical axis 27 and 29 are parallel 
to each other and to the plane of the drawing. The 
central component prism has another shape and 
dimensions and its optical axis 28 is perpendicular 

70 to the plane of the drawing. 

For each of the component prisms holds, that 
when the boundary rays. bi.!. bi, 2 of the beams bi 
passes through it as ordinary rays, the boundary 
rays b 2(1l b 2>2 of the beam b2 pas through it as 

75 extra-ordinary rays. Whether a ray is ordinary or 
extra-ordinary depends on the polarisation direction 
of the beam with respect to the direction of the 
optical axis of the said component* prism. The 
orientation of the boundary faces of the component 

20 prisms and their ordinary and extra-ordinary refrac- 
tive indices can be chosen such that the beams bi 
and b 2 coincide after passage through the com- 
posed prism. 

The prism of Wollaston of Figure 4 with three 

25 component prisms can deflect an incident beam 
under larger angles than a prism of Wollaston with 
two component prisms. Moreover the Figure 4 
prism of Wollaston has a symmetric construction. A 
further advantage of the prism of Figure 4 is that 

30 the component prisms 24 and 26 which have the 
same optical axis also have the same shape while 
the component prism 25 with a different direction 
of the optical axis also has a different shape. This 
prevents that during assembling of the composed 

35 prism 23 the component prisms with different op- 
tical axis might be interchanged. 

Instead of a prism of Wollaston also other 
composed prisms having component prisms of 
birefringent material and different optical axis, like a 

40 prism of Rochon, may be used. 

Figures 5a and 5b show a second embodiment 
of the optical device in lateral and transversal sec- 
tion respectively. This embodiment differs from that 
of Figures 3a and 3b in that the double wedge and 

45 the prism of Wollaston are replaced by a single 
composed element known as a Savart-plate or - 
polariscope. This element 30 consists of a first and 
a second plane parallel plate, 31 and 32 respec- 
tively, of uniaxiale birefringent material for example 

50 quartz. The optical axis 33, respectively 34, of 
plates 31 and 32 are at an angle of 45 degrees 
with the plane surfaces, whereby axis 33 is per- 
pendicular to axis 34. 

A Savart-plate can superpose two beams with 

55 mutually perpendicular polarisation directions. In 
the transversal plane of Figure 5a one of the 
beams for example b 2 transverses plate 31 as an 
extra-ordinary beam and becomes an ordinary 



5 
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beam in the plate 32, because the optical axis 34 
of this plate is perpendicular to axis 33 of plate 31. 
The beam b2 is consequently deflected in plane 31 
and passes undetected through plate 32. The 
beam bi transverses plate 31 as an ordinary beam 
and becomes an extra-ordinary beam in plate 32 in 
the transversal plane. However in the transversal 
plane both beams have the same polarisation di- 
rection and consequently are passed through the 
plate 32 in the same way. In the lateral plane the 
beam b2 becomes coincident with beam bi. The 
two-component Savart-plate of Figure 5a can 
superpose two mutually perpendicular polarised 
beams which are at not to large mutual distance. 

When the distance between the two beams bi 
and b2 is larger, the modified Savart configuration 
30' shown in Figure 5c can be used. This configu- 
ration is different from the configuration 30 in Fig- 
ure 5a in that X/2-plate 35 is arranged between the 
plates 31, 32. This plate 35 rotates the polarisation 
directions of the beams bi and b2 from the plate 
31 over 90 degrees before they enter the plate 32. 
The beam bi is then an extraordinary beam in the 
lateral plane for the plate 32 and is deflected 
towards beam b2. With the X/2-plate 35 between 
the plats 31 and 32, the effective angle over which 
the beams are deflected towards each other is 
twice that over which an unmodified Savart-plate 
can deflect. 

It is also possible to arrange a beam deflector 
between the modified- or unmodified Savart con- 
figuration and the collimatorlens 16. 

The radiation pattern emerging from the 
Savart-configuration in Figure 5a or 5c or from the 
prism of Wollaston in Figure 3a and 3b is in 
principle suited to be focussed into one spot. How- 
ever this radiation pattern has besides a central 
lobe also side lobes which, upon focussing of the 
radiation pattern, may intefere with the central lobe 
thereby generating an interference pattern of dark 
and light areas in the spot. 

Moreover in the lateral plane the point of origin 
of the original two central lobes, which are united 
into one central lobe, is situated behind the front 
facet of the laser, whereas in the transversal plane 
this point is located at the front facet. The central 
lobe, and the laser array radiation as a whole, show 
astigmatism in an analog way as a single-emitter 
diodelaser of the gain-guided type. In order to 
obtain a single diffraction-limited, aberration free, 
spot this astigmatism should be eliminated. 

The laser array has a linear shaped emitter; an 
array of ten emitters for example measures 40 urn 
x 2 urn. The aperture of the composed beam 
emitted by the diodelaser array is relative small in 
the lateral plane and relative large in the transver- 
sal plane. Downstream from the emitting facet the 
composed radiation beam has an elliptical cross- 
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section and for obtaining a round spot the beam 
should be reshaped so that its cross-section be- 
comes circular. 

The radiation from the prism of Wollaston or 

5 from the Savart-plate can be formed into a beam 
which is suited to be focussed into a single, round 
and diffraction-limited spot by enlarging the radi- 
ation pattern in the lateral plane and by filtering the 
central lobe, whereby the functions of enlarging, 

w beam shaping and astigmatism elimination can be 
performed by one and the same prism system. 

The Figures 6a and 6b show, in lateral and 
transversal section respectively, a first embodiment 
of such prism system 40 in combination with the 

75 optical device of Figures 5a and 5b. The lens 
power and the axial position of the collimatorlens 
16 are chosen such that it nearly collimates the 
beam b c in the transversal plane. In the lateral 
plane, however, the wavefront of the beam b c after 

20 passage through the lens 16 is more curved, due 
to the Ay shift of the point of origin 0i in this plane. 
The prism 40 arranged behind the Savart-piates 30' 
only slightly affects the beam in the transversal 
plane, because in this plane the beam is nearly 

25 perpendicular to the entrance face 41 and the exit 
face 42 of the prism. In the lateral plane, however, 
the entrance face 43 is arranged at an angle a with- 
the axis h c of the beam. At said plane 43 refraction 
occurs such that the beam is widened, in depen- 

30 dency of the angle a. This means that the far field 
radiation pattern of the laser array radiation is 
spread, as is illustrated in the upper part of Figure 
6a wherein the far field pattern at different positions 
along the optical path are shown. Behind the prism 

35 40 a diaphragm 45 is arranged. The opening of this 
diaphragm and the orientation and parameters of 
the prism 40 are so adapted to each other that the 
diaphragm passes only the central lobe 1o of the 
radiation pattern and blocks all of the sides lobes 

40 1 1 , 1 1 etc. 

Thus a beam is obtained which has such dis- 
tribution that it can be concentrated by an objective 
lens 46 in a single spot S. By adapting the numeri- 
cal aperture of this lens to the beam cross-section, 

45 so that the lens pupil is adequately filled, a 
diffraction-limited spot having minimal dimensions 
is obtained. 

Care is taken that the enlargement of the beam 
in the lateral plane is such that the beam dimen- 
50 sion in this plane is equal to that in the transversal 
plane, so that the beam leaving the prism has a 
circular cross-section and consequently the spot V 
is round. 

Because in the lateral plane the beam passing 
55 through the skew prism is not collimated, the prism 
imparts astigmatism to the beam. It can be ar- 
ranged such that this astigmatism compensates the 
astigmatism of the diodelaser array, so that the 

6 
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wavefront of the beam from the prism has the 
same curvature in the c lateral and transversal 
planes. 

The angle 0 between the faces 44 and 45 of 
the prism 40 may have an arbitrary value. In prac- 
tice it is preferred that this angle is 90 degrees 
becauseee of easier manufacturing and assem- 
bling. These remarks hold also for the other em- 
bodiments of the prism system to be described 
yet. 

The first of these embodiments is shown in 
Figures 7a and 7b, in lateral and transversal cross- 
section respectively, and comprises two prisms 50 
and 54. By using a second prism it becomes 
possible to bend the axis h c ' back so that it is 
parallel to the axis of h of the incident radiation. 
The transversal dimension of the device is de- 
creased, which is of importance especially when 
the device is to be used in optical disc 
recorder/player. Moreover, in the embodiment of 
Figures 7a and 7b less beam widening power for 
each prism is needed so that less stringent require- 
ments are to be set to the alignment and the 
tolerances of the prisms. 

Figures 8a and 8b shows the embodiment of 
the optical device with four prisms 60, 61, 62 and 
63. Besides that the beam-widening power needed 
for each prism if further reduced, the embodiment 
has the advantage that axis h c ' of the emergent 
radiation is coincident with axis h of the incident 
radiation, so that the device can be housed is a 
small tubular holder. 

In the embodiment with two or four prisms the 
beam widening power is preferably equally divided 
over the prisms. The prisms preferably have the 
same shape and dimensions, which considerably 
decreases the manufacturing costs of the device. 

In the embodiments of Figures 6. 7 and 8 the 
spatial filter may be constituted by a separate 
element (45) in the form of a diaphragm on a 
separate holder. It is also possible that such dia- 
phragm is fixed to the exit face 44, respectively 56, 
of the last prism in the embodiments of Figures 6 
and 7 respectively and of Figure 8. As indicated in 
Figure 7a it is also possible to apply an opaque 
coating 57, leaving a central opening, on said 
faces. Another possibility is that the boundaries of 
said last prism form a natural stop for the radiation 
towards further optical elements of the optical ap- 
paratus, as indicated in Figure 7a by the inter- 
rupted lines 58, 59. Finally in an apparatus wherein 
the spot forming lens 46 is arranged close to the 
last prism (63, 54, 40) of the prism system, the 
spatial filter may be formed by the pupil of the spot 
lens, as indicated by 64 in Figures 8a and 8b. 

Figure 9 shows schematically an apparatus for 
recording information in a surface 71 of an optical 
record carrier 70. The surface 71 may be provided 



with pregrooved servo tracks 72, The laser unit, 
preferably is phase-locked diodelaser array des- 
ignated 10. emits a beam b which should be fo- 
cussed by an objective lens 46 to a high-intensity. 

s round an diffraction-limited, radiation spot S on the 
information surface 71. According to the present 
invention between the laser array 10 and the objec- 
tive lens 46 and unit 80, comprising a collimator 
lens 16 and a system of for example a beam 

70 deflector 17 and a prism of Wollaston 23, or a 
Savart-plate, as shown in Figures 3, 4 and 5, which 
may be combined with a prism- and spatial filter 
system 81, as shown in Figures 6, 7 and 8 is 
arranged to convert the radiation form the laser 

75 array into a collimated, rotationally symmetrical, 
beam. 

Recording of an information track is performed 
by modulating the beam intensity in accordance 
with the information to be recorded and by rotating 

20 the record carrier around its axis 73. By gradually 
moving the whole optical head comprising ele- 
ments 10, 80 and 46, or part of it, in the radial 
direction of the record carrier, all of the tracks can 
be successively recorded. A finel control of the 

25 spot S relative to a track can be performed by a 
mirror 74 which is pivotable in the direction of 
arrow 75. Modulation of the recording beam can be 
performed for example by modulating the electric 
current through the laser array 1 0. 

30 By arranging a beam separator, for example a 

beam splitting prism 76. before or behind the unit 
80, which separator directs part of the beam re- 
flected from the record carrier, for example via a 
lens 77, towards a photosensitive detector 78, the 

35 apparatus of Figure 9 can be used for reading the 
information recorded on the record carrier. During 
reading the beam has a constant intensity of such 
level that it cannot provoke any change in the 
recording surface. 

40 Figure 10 shows schematically a laser printer 

with a recording medium 91, for example wrapped 
around a drum 90 which, for recording successive 
lines, is rotated around its axis 92. Line scanning is 
performed for example by a polygon 93 carrying a 

45 number of mirror facets 94 and rotating around its 
axis 95. 46 is an objective lens which should focus 
the radiation from a phase-locked diodelaser array 
10 and reflected by a facet 94 to a round spot S of 
small diameter on the recording medium. The laser 

so beam is modulated in intensity according to the 
information to be recorded, either by the electric 
current through the laser array or by a separate 
modulator in the path of the beam. 

To convert the two lobed beam from the laser 

55 array radiating in a stable mode, which beam is 
divergent and has an elliptical wavefront, into a 
collimated beam with a rotationally symmetrical 
wavefront, a block 80 comprising a collimatorlens 
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16 and a system of for example a beam deflector 

17 and a Savart-configuration 30', or a prism of 
Wollaston. as shown in Figures 3. 4 and 5, which 
may be combined with a prism- and spatial filter 
system 81, as shown in Figures 6, 7 and 8, is 
arranged between the laser array 10 and the objec- 
tive lens 46. 

That the invention has been described on the 
hand of information recording apparatus does not 
mean that it is restricted to these apparatus. The 
invention can be used in ail apparatuses wherein a 
high intensity small and round spot should be 
formed out of the radiation of a phase-locked 
diodelaser array. As an example can be mentioned 
a projection TV-apparatus with light halves or Liq- 
uid Chrystal Displays for modulating the laser radi- 
ation with (colour) TV information. Also in long haul 
fiber optical communication systems or in chirur- 
gical instruments the present invention can be 
used. 



Claims 

1. Optical device for delivering a single radi- 
ation beam, comprising a phase-locked diodelaser 
array and a collimatorlens. which laser array radi- 
ates in the highest order supermode having, in a 
lateral plane through the axis of symmetry of the 
radiation and parallel to the pn-junction layer of the 
laser array, two far field lobes, characterized in, 
that behind the collimatorlens are arranged, in this 
order, a polarisation rotator in the path of one of 
the lateral lobes and a polarisation-sensitive beam 
combiner in the paths of both lateral far field lobes. 

2. Optical device as claimed in Claim 1 , char- 
acterized in that the beam combiner is a prism of 
Wollaston, and in that between the polarisation 
rotator and the prism of Wollaston a composed 
beam deflector is arranged for directing the axes of 
the radiations of the two lobes such as to intersect 
at the prism of Wollaston. 

3. Optical device as claimed in Claim 2, char- 
acterized in that the composed bem deflector is a 
double optical wedge. 

4. Optical device as claimed in Claim 2 or 3, 
characterized in that the prism of Wollaston com- 
prises three component prisms of birefringent ma- 
terial arranged after each other, the two outer com- 
ponent prism having the same optical axes and 
substantially the same shape and dimensions, 
while the central component prism has a different 
shape and different dimensions and an optical axis 
perpendicular to the optical axes of the outer com- 
ponent prisms. 

5. Optical device as claimed in Claim 1, char- 
acterized in that the polarisation-sensitive beam 
combiner comprises a first and a second birefrin- 



gent plate which are parallel to each other, the 
optical axes of the plates having different directions 
each at 45 degrees with the plate surfaces and 
crossing each other, 
s 6. Optical device as claimed in Claim 5, char- 

acterized in that a beam deflector is arranged be- 
tween the collimatorlens and the first birefringent 
plate. 

7. Optical device as claimed in Claim 5 or 6, 
io characterized in that between the first and second 

birefringent plate a X/2-plate is arranged, wherein X 
is the wavelength of the diodelaser radiation. 

8. Optical device as claimed in any one of 
Claims 1-7, characterized in that behind the 

75 polarisation-sensitive beam combiner are arranged, 
in this order, a prism system of at least one prism 
having in the lateral plane an entrance face inclined 
with respect to the axis of the incident radiation 
and an exit face perpendicular to the axis of the 

20 emergent radiation, and a spatial filter in the lateral 
far field of the diodelaser array. 

9. Apparatus for optically recording an optical 
record carrier, comprising an optical head for gen- 
erating a radiation spot modulated in intensity ac- 

25 cording to the information to be recorded, char- 
acterized in that the optical head comprises an 
optical device as claimed in any one of the preced- 
ing Claims and an objective lens for focussing the 
beam from said device into a diffraction-limited 

30 round spot on the record carrier. 

10. Apparatus for reading a record carrier com- 
prising an optical head wherein a radiation spot is 
generated for scanning the record carrier, char- 
acterized in that the optical head comprises an 

35 optical head as claimed in any one of Claims 1 to 8 
and an objective lens for focussing the beam from 
said device into a diffraction-limited spot on the 
record carrier. 

11. Apparatus for laser printing of information 
40 on a recording medium, comprising a recording 

medium carrier movable in a first direction and a 
beam deflector for scanning a radiation beam along 
a second direction perpendicular to the first direc- 
tion, characterized in that it comprises an optical 
45 device as claimed in any one of the Claims 1 to 8 
for generating a substantially coilimated beam that 
is focussed by an objective lens to a diffraction- 
limited radiation spot on the recording medium. 

12. Apparatus as claimed in Claim 9, 10 or 11, 
so characterized in that the spatial filter of the optical 

device is constituted by the entrance pupil of the 
objective lens. 
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